Type 2 diabetes mellitus (T2DM) is a major risk factor associated with hepatocellular carcinoma (HCC). However, the association of T2DM with liver cirrhosis and therapy response in HCC patients is not clear. Hence, in this study, we have evaluated the influence of T2DM on liver cirrhosis severity of HCC and sorafenib response. HCC patients were divided in two groups: T2DM (n ¼ 20) and non-T2DM (nT2DM; n ¼ 50). We found significantly higher number of patients in T2DM group had decompensated liver disease with Child-Turcotte-Pugh score ! 7. Additionally, 71.4% patients were observed to be sorafenib sensitive in T2DM group which was significantly higher as compared to 30% in nT2DM group. This study has highlighted the predisposition of HCC patients with T2DM toward more severe liver disease who were found to be better respondents of sorafenib.
Introduction
Hepatocellular carcinoma (HCC) most often develops in patients with liver cirrhosis. Liver cirrhosis exhibits major impact on hepatic reserve and is frequently an essential cause of the morbidity and mortality related to HCC. Thus, the presence and assessment of cirrhosis severity is fundamental for HCC patients in order to assess disease prognosis and make treatment recommendations accordingly. 1, 2 Further, HCC has been allied to a number of comorbidities including hypertension, arrhythmias, chronic bronchitis, and diabetes mellitus (DM). DM is the chronic metabolic disorder which is usually characterized by hyperglycemia. Type 2 diabetes mellitus (T2DM) has been demonstrated to be one of the predominant risk factors for HCC development which is known to elevate its incidence by two to four fold. 3 Additionally, DM is also very frequent in patients with liver cirrhosis. 4 However, association of liver cirrhosis severity, T2DM, and HCC is relatively unknown.
Patients with T2DM in many non-HCC cancers have been linked to inferior response towards systemic therapy. 5 Sorafenib is the only approved drug for the management of advanced HCC. It is a multikinase inhibitor which is known to inhibit the mitogen-activated protein kinase and vascular endothelial growth factor pathway genes thereby impeding proliferation as well as angiogenesis. 6 
Impact statement
We have explored the association of type 2 diabetes mellitus (T2DM) on liver cirrhosis severity along with response toward sorafenib in hepatocellular carcinoma (HCC). Most HCC patients exhibit prior history of liver cirrhosis that results following long span of chronic liver disease. T2DM constitutes as an important risk factor for HCC development which is known to elevate its incidence. Further, sorafenib is the FDA approved therapy for HCC whose therapeutic outcome is not investigated in HCC patients with T2DM till date. This observation-based study has unveiled a positive association between T2DM and severity of liver cirrhosis as well as sorafenib response in HCC as examined in a clinical setting.
Therapeutic effect of sorafenib may be influenced by various underlying factors like tumor status, liver functionality, and co-morbid illness.
3 T2DM is known to influence therapeutic efficacy of sorafenib in patients with metastatic renal cell carcinoma (RCC). 7 Although sorafenib has been proved to be safe for patients with advanced HCC and RCC having T2DM, 8 the data relating HCC, T2DM, liver cirrhosis severity, and sorafenib response is lacking till date. In this study, we investigated the status of liver cirrhosis and sorafenib response in HCC patients with T2DM. The drug response was calculated for viable target lesions following modified response evaluation criteria in solid tumors. 9 Responses to treatment were characterized as complete response, partial response, stable disease, and progressive disease (PD). Patients having PD despite sorafenib treatment were considered as sorafenib resistant and rest as sorafenib sensitive.
Materials and methods
Statistical data analysis was performed using GraphPad Prism 6.01 (GraphPad Software, Inc., La Jolla, CA, USA) software for Windows. Chi square and Fisher's exact tests were used to statistically compare different clinical parameters of the two study populations. A p value < 0.05 was considered as significant. However, student's t-test was used to compare the alpha fetoprotein (AFP) levels between the two groups. Similarly, variation in random blood glucose concentration in T2DM patients after three months of treatment with or without sorafenib was statistically examined using t-test.
Results
The clinical parameters of all patients are presented in Table 1 . The median age was 58 years for the T2DM group (range 41-73 years) and 60 years for the nT2DM group (range 30-84 years). The T2DM group consisted of 88.2% males and 11.8% females, while the nT2DM group consisted of 86.8% males and 13.2% females. Majority of HCC patients with T2DM (70.5%) had diabetic background running for 10þ years time period. The treatment details of HCC patients with T2DM are oral hypoglycemic agents including glimepiride (21%), metformin (55%), and exogenous insulin (24%). Along with these antidiabetic drugs, diabetic diet was also recommended in 13% of the total T2DM patients. Hepatitis C virus (HCV) infection and non-alcoholic steatohepatitis etiology (NASH) were significantly more common in T2DM patients.
There was negligible difference in the number of patients with metastasis in T2DM as compared to nT2DM group. However, 55% (n ¼ 11/20) of the T2DM patients had decompensated liver disease as compared to 28% (n ¼ 14/ 50) nT2DM patients (Child-Turcotte-Pugh (CTP) score ! 7 T2DM 55% versus nT2DM 28%; p ¼ 0.0332). Likewise, significantly increased number of patients belonged to Child Pugh B þ C class in T2DM group (n ¼ 15/20; 75%) than in nT2DM group (n ¼ 22/50; 44%). Further, mean AFP levels were found to be elevated in T2DM patients (307 ng/mL) as compared to nT2DM patients (102 ng/mL) ( Figure 1 ).
Out of 20 T2DM patients, seven (35%) received sorafenib, whereas 23/50 patients (46%) received sorafenib in nT2DM group. Five out of seven patients (71.4%) were observed to be sorafenib sensitive in the former group and seven out of 23 patients (30%) in the latter group. Sixty percent sorafenib-sensitive patients (n ¼ 3/5) in T2DM group were on insulin therapy while the remaining (40%) were on OHAs out of which 16% were on metformin. Interestingly, all sorafenib-sensitive patients of T2DM group were found to be hyperglycemic from the onset of treatment. However, a significant reduction in blood glucose level was observed in all the sorafenib-treated patients (n ¼ 5) as compared to the patients (n ¼ 15) who were not treated with sorafenib in T2DM group after three months ( Figure 2) . Surprisingly, one of them also experienced hypoglycemia. Further, no T2DM patient was found to be sorafenib resistant while 40% (n ¼ 10/23) patients who received sorafenib were assessed to be sorafenib resistant in nT2DM group. Response evaluation could not be performed for two patients in T2DM group and six patients in nT2DM group administered with sorafenib due to the lack of follow-up.
Discussion
The overall prevalence of T2DM in our study population was 28.6%. This study has demonstrated that significantly higher percentage of patients in T2DM group had decompensated liver disease indicating increased severity of liver cirrhosis as assessed by their CTP score and child pugh classification. This suggests higher prevalence of decompensated liver disease in HCC patients with T2DM in the present study. Etiological factor might play a vital role in association of liver cirrhosis severity and T2DM in HCC patients. HCV infection is known to result in an increased oxidative stress leading to severe liver damage resulting in enhanced cirrhosis. 10 In our study, we found that HCV infection was significantly more common in T2DM group which might be the reason behind extended cirrhosis. In previous studies, patients with decompensated cirrhosis have been shown to have decreased survival rate in HCC. 11 Besides, a study has shown an inverse proportionality relationship between AFP and survival across all BCLC stages of HCC. 12 In our study, we found a significant increase of AFP level by 3.5-folds in T2DM patients as compared to nT2DM patients. A previous study has associated DM with lower survival rate of HCC patients belonging to BCLC stage A and B. 13 Seventy percent of HCC patients with T2DM group belonged to BCLC A and B stages in our study population. This suggests that the increased level of cirrhosis along with enhanced serum AFP level in HCC patients with T2DM may result in poor survival rate.
Further, estimation of response toward sorafenib in HCC patients having T2DM has not been well defined till now. However, sorafenib was demonstrated to be safe and effective in both diabetic as well as in non-diabetic HCC patients. 8 In our study, it was observed that percentage wise sorafenib-sensitive patients were higher in T2DM as compared to nT2DM group. All these patients were hyperglycemic at the onset of the treatment indicating poor glucose utilization which might be linked to downregulated glycolysis.
14 Although after three months of sorafenib treatment, their blood glucose level decreased significantly demonstrating enhanced glucose utilization. This decrease in blood glucose level might be due to the enhancement of glycolysis by sorafenib. 15 Hence, there is a need for vigilant blood glucose monitoring during the administration of sorafenib in HCC patients with T2DM.
Further, a study by Casadei Gardini et al. 16 has demonstrated that diabetic patients treated with insulin were found to be less resistant to sorafenib than those treated with metformin. Similarly, in our study, we also observed that higher percentage of sorafenib-sensitive patients (60%) in T2DM group received insulin for controlling diabetes. Additionally, insulin is known to exert mitogenic as well as antiapoptotic effects. Besides, it can also escalate the bioavailability of insulin-like growth factor-1 thereby assisting in cancer growth. 17 However, this observation may infer that insulin might have increased cell membrane permeability leading to enhanced sorafenib uptake by tumor cells thus increasing its anticancer efficacy. 18 However, the mechanisms underlying the combinatorial effects of insulin and sorafenib are required to be investigated.
In conclusion, although tumor progression in terms of metastasis was found to be alike in both T2DM as well as nT2DM group, severe liver cirrhosis was observed in HCC patients with T2DM. This implies that T2DM might not effect HCC progression but may result in extended liver damage in terms of severe cirrhosis. On the other hand, sorafenib was found to be more effective in T2DM patients since higher percentage of sensitive patients were observed in this group. Thus, this study has shed more light on the association of T2DM on severity of liver cirrhosis and Makol et al. Impact of type 2 diabetes mellitus on liver cirrhosis in hepatocellular carcinoma 325 sorafenib response in HCC. However, some limitations of the current study need to be taken under consideration. First, it is an observational study conducted in a retrospective manner with small sample size that needs to be confirmed in the larger cohorts. Second, multiple confounding factors may be associated with sorafenib response, all of which could not be considered in this study. Thus, stratified prospective studies on this important issue are needed in order to consolidate the findings of this observational study.
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